The study was performed on two margarine products: stick margarine (<80% fat) and spread margarine (<60% fat). Spectra were collected by a reflectance probe normal to the sample surface for UV-VIS and UV-NIR wavelenghts. The samples temperature was recorded (10.0±2.0 o C) and the probe-sample distance was kept constant for all the samples. The integration time was set to 45ms for the collection of the five UV/VIS spectra per samples; the three VIS/NIR spectra per sample were collected using a 10s integration time. The data analysis was performed on each product and for each spectral range independently. The spectra were normalized by its maximum intensity and the corrected for using a robust multiplicative scatter correction algorithm. A principal component analysis was performed to the pre-process spectra and the multivariate statistical process control limits were determined with bootstrap for each product/spectral range. Results show that UV-VIS-SWNIR reflectance spectroscopy provides a quick and fast assessment of these products characteristics and thus it can be used as an indication of the overall product variability.
Introduction
Margarine is a term indicating a wide variety of butter substitutes, used in a broad range of food processing. Today's vegetable margarines increased their nutritional appeal due to the high content of poly-insaturated fatty acids (omega 3 and 6), fito sterol, fito stanols, making this product a consumer's conscious choice for the reduction of total cholesterol and LDL, and consequently, prevention of heart coronary diseases [1, 2] . Current vegetable oil margarines are made from mixtures of oils, such as: soybean, cottonseed, palm, corn, canola and sunflower; being fortified with vitamin A, salt, emulsifiers and other micronutrients to improve flavouring, texture and shelf-life stability [3] . Two types of margarines are mostly used by domestic consumers: i) stick margarines; and ii) spreads margarine (presented in Figure 1 Margarine is therefore a complex food product, where quality control involves the determination of several parameters physical, chemical, sensory properties as well as performance tests. The wide range of parameters makes difficult for companies to follow the final product quality by representative sampling. The speed of aquisition, easy to use, non-invasive, non-destructive, multivariate and relative cheap price of UV-VIS-SWNIR equipment for difusive reflectance, makes this a desirable methodology to access margarine quality at an industrial scale. Although spectroscopy has been applied to the monitoring of oils and dairy products, not much work has been done with margarines [4] . No references regarding the use of UV-VIS-SWNIR to monitor margarine quality were found in literature. Under these circunstances, the main objective of this research is to access the potential of UV-VIS-SWNIR reflectance spectroscopy for the monitoring of stick and spread margarines, aiming to: i) implement the difusive reflectance experimental methodology; ii) investigate the best pre-processing procedures; iii) determine the best discriminating wavelenghts.
Materials and Methods

Samples
A total of 18 samples, 9 stick and 9 spread margarines all from the same brand, were obtained at a local city supermarket in Portugal. Margarines present the following informative composition to the consumer: i) stick margarine: 72% vegetable oils and fat, 2.9% salt, milk whey, preservatives, acidity regulator, flavouring, β-carotene, and vitamins A and D; ii) spread margarine: 59% vegetable oils and fat, 2.9% salt, milk whey, preservatives, acidity regulator, flavouring, β-carotene, and vitamins A and D; Samples were transported using a thermal insulated bin conditioned to +8 o C and stored at the recommended refrigeration temperature (+5 ± 1 o C) prior to spectroscopy analysis.
Spectroscopy
Margarines UV-VIS-SWNIR spectroscopy analysis was performed using a Ocean Optics high-resolution miniature fiber optics spectrometer HR4000, with a wavelenght range from 200 to 1100 nm (3648 pixel) [5] . A mixed UV-VIS/VIS-SWNIR R200 probe [6] was modified by the authors for improving signal to noise ratio, and a deuterium-halogen light source Micropack DH2000-BAL [7] was used for UV-VIS and VIR-SWNIR, respectively. The software Spectrasuite was used to control the spectrometer and data aquisition into a laptop PC [8] .
Margarine spectra were obtained perpendicular to the surface at the temperature of 10 ± 2 o C. A 5mm slide was cut-off from the margarine surface to remove the oxidised layer.
Reflection measurements were performed into the UV-VIS (deuterium) and VIS-NIR (tungsten) light sources, respectively by: (a) UV-VIS: the deuterium lamp was let to stabilise durign 40 min; The surface and spectra were recoded with a 10s integration time and a moving average of 3 data points. Three spectra were taken from random locations at the margarine surface. (b) VIS-NIR: the tungsten lamp lamp was let to stabilise durign 20 min; The surface and spectra were recoded with a 45ms integration time and averaged to 75 scans with a moving average of 3 data points. Five spectra were taken from random locations at the margarine surface. The dark spectra was recorded and measurements were taken with linear correction.
Spectral analysis
The collected reflectance spectra were smoothed by using a Savisky-Golay filter and log-transformed (absorvance) prior to any exploratory data analysis procedure. Afterwards, the spectra was pre-processed using a modified multiplicative scatter correction algorithm. Each spectra is corrected by using the following equation:
The a and b are computed by minimizing the following error:
where the xj is the j sample spectra and xref is a reference spectra. This algorithm is based on the aplication of the robust least squares method to determine the a and b matrices ensuring that spectral areas that do not correspond to scattering artifacts are not taken into account. The robust least squares algorithm is implemented by the re-weigthed least squares with the weigths computed by using the Huber function. The algorithm high breakdown point (50%) means that existent outliers will not distort the model fitting 2 and thus, the a and b scatter correction parameters are determined using only consistent spectral areas. The iterative algorithm can be described, briefly as follow: 1) set the reference spectra (xref ) equal to the sample spectra closest to the median spectra; 2) correct the remaining sample spectra by applying the above described robust least squares procedure; 3) recompute the median spectra and iterate until convergence. The MSC spectra were thereafter subjected to principal component analysis [9, 10] .
Results and Discussion
Stick and spread margarine UV-VIS-SWNIR robust mean scattering correction is presented as follows: A4.S1
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A2 Figure 5 . PCA of MSC VIS-NIR spectra: (a) stick margarine (PC1(51%),PC2(32%)); and (b) spread margarine (PC1(70%),PC2(12%)).
Conclusions
This preliminary study allowed to make the following observations:
I. The preliminar results shows that UV (230-280 nm) reflectance spectroscopy can be used to characterise the different stick margarine samples whereas VIS-SWNIR (680-850 nm) reflectance can be used to distinguish spread margarine samples.
II.
Additionally, there is a clear advantage to perform scatter artifact effect estimation by the proposed robust multiplicative scatter correction method since spectral areas containing high sample variance (due to physical/chemical composition changes) do not after the estimate. The proposed MSC modification has an high breakdown point, allowing for at least 50% possible outliers in the scatter effect estimation.
III.
The experimental protocol will need to be revised in order to decrease the within sample replicate variability, either by increase the replicates number and/or by optimizing the experimental spectral collecting probe apparatus.
